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Background

The National Forests in Southeast has experienced
several Southern Pine Beetle (SPB)

+ Changing the Ecosystems

+ Increased fuels for wildfire

+ Threatening sensitive sites

¢ Economic impact

+ Endangering the public




Background

e The Oconee District has experienced two major SPB
outbreaks in the last 10 years.

e The climate has provided ideal conditions for the SPB
e The second large SPB outbreak in the spring of 2007.
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Purpose/Goal

e Selection of sensor(s) and develop of image
process(es) for the operational monitoring of
Southern Pine Beetle (SPB) outbreaks.

e Ideal operational goal of monitoring the SPB every
two week cycles at a low cost and acceptable
accuracy




Objectives

e Determine the operational feasibility of the
techniques and sensors.

e Based on cost, timeliness, and accuracies of fi
different image sources.

e Produce a matrix
comparing the
effectiveness of the
various sensors for
detecting SPB outbreaks.
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Image'ryData Sources

e Imagery with a variety of spatial and spectral
resolutions were obtained.
= Aerial Photography
= SPOT5
= | [SS3
= AWIFS
= MODIS




Data Sources

e Aerial Photography (High Resolution)
¢ Color-infrared (CIR) small
format digital camera.
+ Spatial resolution: 0.5 meters
¢ Spectral bands (ereen, red, n1r)
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¢ Collected on October 13-14,
2007




Data Sources

e Spot5 Satellite (Medium Resolution)
¢ Spatial Resolution of 10 meters
* Spectral bands: (Green, Red, NIR, sWIR)
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Near Infrared Mid IR Far Infrared
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+ Imagery acquired May 15, 2008.




Data Sources

e Resourcesat-1 Satellite-LISS3 (Medium Resolution)
+ Spatial Resolution: 23 meters
* Spectral bands: (Green, Red, NIR, sWIR)

Near Infrared Mid IR Far Infrared
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+ Acquired on
August 2, 2006 and
September 9, 2007.




Data Sources

e Resourcesat-1 Satellite-AWIFS (Moderate Resolution)

¢ Spatial Resolution of 54 meters
* Spectral bands: (creen, Red, NIR, SWIR)

Near Infrared Mid IR Far Infrared

tt t t

+ Acquired on
September 29, 2006 and
September 9, 2007.




Data Sources

e Aqua/Terra Satellite-MODIS (Moderate Resolution)

+ Spatial Resolution of 250 meters
+ “Land use” Spectral bands:

(Blue, Green, Red, NIR, SWIR and 2 MIR)
A

] Near Infrared Mid IR Far Infrared
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¢ Acquired on
October 14, 2006 and
October 14, 2007.
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Detection Methods

e Feature Extraction

+ Used when no previous imagery was available to perform
change detection analysis.
= CIR Photography
= SPOTS5 Imagery

e Change Detection

+ Used in the moderate resolution imagery where multiple
dates of images are more readily available.
= LISS3
= AWIFS
= MODIS




Feature Extraction

e CIR photos and SPOT5
e Feature Analyst™ (FA)

= A user assisted, automated feature
extraction application offered as an
extension to ArcGIS.

= FA uses spatial association, size,
shape, texture, pattern and shadow
in user-defined feature examples or
“Training Sets”.

.. X R R T )
Training site samples over-laid
on CIR photography




Change Detection

e LISS3, AWIFS, and MODIS

¢ Autumn anniversary dates were used for all sensors

+ Normalized Difference Moisture Index (NDMI) performed
on each image pair
= NDMI = NIR-SWIR / NIR + SWIR

* Chosen because of increased ability to detect lighter
disturbances within the forest canopy.

+ Resulting 2006 NDMI image subtracted from the 2007
NDMI image.

+ Conifer mask applied

+ Ground truth data referenced to extract NDMI change
values that correlated to the SPB infestations.




SPB Infestation
Spots (Ground Truth)

CIR/Feature Analyst
Extraction Polygons

Spot5/Feature
Analyst Extraction
Polygons

LISS3/Change
Detection Polygons

AWIFS/Change
Detection Polygons

*All results are displayed
over the CIR aerial
photography for visual
comparison. (RGB=NIR,
Red, Green)




Accuracy. Assessment

e SPB infestation maps compared to ground truth
data.

* Used Image Sampler Extension for ArcGIS v9.2
= 1000 random sampling points
= Attributed into 4 categories

— Actual SPB on the ground-mapped as SPB in the imagery
— Actual SPB on the ground-not mapped as SPB in the imagery

— Not actual SPB mapped on the ground-mapped as not SPB in the
imagery

— Not actual SPB mapped on the ground-mapped as SPB in the
imagery




Accuracy. Assessment Results
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= QOverall accuracy measures
how well we mapped both
SPB infestations and areas
that are not SPB infestations.

— Oconee District=114,851

acres
— SPB areas=3,243 acres

= Overall accuracy will be
biased, because areas that
are not SPB infestations
represent 98% of the study
area and are easier to map.
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Results - Kappa/ K-Hat in Context

Agreement
0%

LISS3 SPB Map

K-Hat Scale

Blind Draw
Classification

85% 90% 95%
Percent Agreement with SPB Map
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mage Evaluation Matrix

e Summarizes the results of
he study.

e Quick reference guide.
4
Accuracies
Costs involved
Operational feasibi

Image Evaluation Matrix




Discussion

+ CIR aerial photography

= Accurate
= Costly and acquisitions have to be scheduled
» Cost ~ 17 cents/acre

Spot5
= Accuracy not proven
= Logistics of acquiring data could be difficult
= Cost ~ 8 cents/acre

LISS3
= Accurate
= Revisit time of 24 days not operationally feasible
» Cost ~ 4 cents/acre

AWIFS
= Accurate
= Revisit time of 5 days—possibly operationally feasible*
= Cost ~ 3 cents/acre

MODIS
= Poor Accuracy
= Free daily coverage
= Cost ~ 3 cents/acre




Applications

e The combination of accuracy, cost, revisit time and
ease of analysis suggests that AWIFS could act as
an operational monitoring tool for SPB infestations
and possibly other forest health issues in the
future.




USDA Forest Service, Remote Sensing Applications Center,
http://fsweb.rsac.fs.fed.us




